This document is made available in accordance with publisher policies. Please cite only the published version using the reference above. 
Quantitative nuclear magnetic resonance (NMR) metabolomics provides detailed measurements of lipoprotein particle concentrations and their associated lipids categorized by particle size, and additional metabolic markers (7) . The approach has been used in several population-based epidemiological and genetic studies to date (6) (7) (8) (9) (10) (11) , but no study has yet comprehensively investigated the associations of these traits with different CVD subtypes in the same study population. The present study examined the associations of plasma lipoprotein particles and other metabolic markers with risk of incident MI, IS, and ICH in a nested case-control study within the China Kadoorie Biobank (CKB). 
METHODS
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RESULTS

CHARACTERISTICS OF INDIVIDUALS IN THE NESTED
CASE-CONTROL STUDY. Among the 4,662 participants with metabolomics measurements, the mean age of stroke cases was similar to control subjects ( central adiposity, height, and physical activity were similar between cases and control subjects ( Table 1) .
Cases were more likely to have self-reported diabetes at baseline (MI 11%, IS 7%, ICH 6% vs. control subjects 3%) and poor self-rated health (MI 16%, IS 13%, ICH 14% vs.
control subjects 9%).
For clinical chemistry, MI and IS cases had higher mean concentrations of LDL-C (MI 93 AE 31 mg/dl; IS 89 AE 27 mg/dl) than did control subjects (85 AE 27 mg/dl; p < 2.8 Â 10 À8 comparing MI cases with control subjects and IS cases with control subjects), with ICH cases having similar LDL-C values to control subjects. A similar pattern was observed for TG. In contrast, HDL-C concentrations were broadly similar between cases and control subjects. The distribution of fasting times at recruitment to the study was similar for cases and control subjects ( Table 1) .
COMPARISON OF TRAITS MEASURED BY NMR SPECTROSCOPY AND CLINICAL BIOCHEMISTRY.
Online Table 1 The mean value for each metabolic measure, and the corresponding coefficient of variation from the 137 duplicate samples, are provided in Online Table 2 .
The coefficients of variation for duplicate measurements on the same samples had a median value of 5.0% (interquartile range: 2.7% to 6.7%).
COMPARISONS OF ASSOCIATIONS WITH MI OF TRAITS MEASURED BY NMR SPECTROSCOPY VERSUS
CONVENTIONAL CLINICAL CHEMISTRY. When analyzed separately, the 8 biochemical traits measured by both conventional chemical chemistry and NMR spectroscopy assays indicated similar risk estimates for incident MI (Online Table 3 ). Positive associations with risk of MI were observed for total cholesterol, LDL-C, apolipoprotein B, TG, and creatinine, and inverse associations were observed for HDL-C, apolipoprotein A1, and albumin, for both assays. 
Holmes et al.
Circulating Metabolic Markers, MI, and Stroke Subtypes Holmes et al. For IS, the majority of VLDL particle subclasses were positively associated with disease risk; however, the associations were somewhat weaker for very small Among the fatty acids, using the absolute concentrations, many were positively associated with risks of MI and IS. However, these findings were influenced by circulating TG levels, and adjustment for TG diminished all the associations for MI, whereas positive associations persisted for omega-6 fatty acids and polyunsaturated fatty acids for IS (Online Table 4 ). When reanalyzed as ratios, an inverse association of docosahexaenoic acid (an omega-3 fatty acid) as a proportion of total fatty acids was observed for MI, IS, and ICH. The ratio of monounsaturated fatty acids to total fatty acids showed a positive association with risk of MI, whereas the ratio of saturated fatty acids to total fatty acids showed an inverse association with risk of IS. Table 5 ). 
DISCUSSION
A B
Comparison between IS and (A) MI and (B) ICH. Estimates are per 1-SD higher metabolic marker. Model adjustment as in Figure 1 .
Abbreviations as in Figure 1 .
Circulating Metabolic Markers, MI, and Stroke Subtypes We assessed the associations of metabolic markers measured by nuclear magnetic resonance (NMR) spectroscopy with risk of incident myocardial infarction (MI), positively associated with risk of both diseases. In contrast, cholesterol in large and medium high-density lipoprotein (HDL) particles was inversely associated with risk of MI and IS, whereas triglycerides in HDL particles were positively associated with disease risk. Neither lipoproteins nor lipid constituents showed associations with risk of ICH. In contrast, glucose and the inflammation marker glycoprotein acetyls were both associated with higher risks of all 3 diseases. Thus, although lipids and lipoproteins appear to be less relevant to ICH than MI or IS, the association of some metabolites with MI, IS, and ICH indicates shared pathways for all 3 subtypes of vascular disease.
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